INTRODUCTION
Pakistan is one of the major wheat (Triticum aestivum L.) producing countries in the world with the production of 21,109,000 tonnes from an area of 8,330,000 hactares. [1] The wheat is classified into soft, medium soft, hard, medium hard and extra hard. [2, 3] This classification is the fundamental basis for differentiating world trade of wheat grains. [4] The major determinant of the end-use quality of wheat is endosperm texture, which influences the milling requirements such as tempering, flow, sifting area and energy consumption. The particle size distribution and starch damage are also markedly affected by the grain texture. The soft wheat kernels fracture more easily, release many integral starch granules and produce finer textured flours with less starch damage. On the other hand, hard wheats produce coarser textured flours in which fracture planes produce broken starch granules hence higher levels of starch damage and more gassing power, fermentation properties, power consumption in the mill. Because broken starch granules absorb more water, hard wheats are better suited for yeast-leavened bread, while soft wheats are preferred for cookies, cakes and pastries.
The small quantity of protein which is tightly associated with starch granules from all botanical sources, generally consists of two distinct types; storage proteins (e.g., gluten and gliadin proteins), which remain adsorbed to the surface of starch granules after starch extraction, and starch granule-associated proteins (SGAPs), biologically different from plant storage proteins, and are tightly-bound, surface and/or integral components of the starch granule. [6−8] At present, very important proteins, which have been receiving intensive interest are named; the 15 kDa "group of polypeptides" collectively called as friabilin (within which, the puroindolines form a major sub-group). The gradient SDS-PAGE showed that all soft wheat had a prominent 15-kDa band, the hard wheat had a faint band, and the durum wheat lacked this band completely. [9, 10] It is degree of adhesion between starch granules and surrounding protein which determines the hardness. [11, 12] Several methods (phenotypic) have been used to measure grain hardness, these include, particle size index of flours (PSI), resistance to grinding (Pearling value), near infrared reflectance spectroscopy (NIRS) of whole-grain meals (most favoured due to its non-destructive nature) [13] and to some extent sodium carbonate retention capacity; an indicator of starch damage and indirectly, hardness. [14] These physical methods of texture assessment can vary considerably due to environment [15] such that often hardness genotype cannot be reliably determined and are limited because they typically require relatively large amounts of grain (> 5-50 g). It is very important to determine texture of endosperm (81-84% of the kernel weight) genotypically, which is comprised of starch granules and protein, for grain hardness.
Variation in kernel texture (hardness or softness) is controlled by a single locus referred to as Hardness (Ha) located on the short arm [16] of chromosome 5D [17] and is simply inherited. Soft wheats possess the dominant or wild type form (Ha), while hard wheats have the recessive or mutated form (ha). Durum wheats (tetraploid or pasta wheat) lack the D-genome and represent a harder class of wheats [18−20] . After the discovery of friabilin in 1986, it was found that the accumulation of friabilin in the wheat grains is dependent on the softness/ hardness gene Ha/ha.
Friabilin is composed of two main components: puroindoline a (PINA) and puroindoline b (PINB) . [21] Puroindolines are categorized as lipid-binding properties [22] and grain softness seems to be tightly linked with these. [23] Puroindolines have five disulfide bonds but also tryptophan rich domains; hence, these proteins were named because of the unique tryptophan rich region, which has an indole ring (puros means wheat and indoline from indole ring of tryptophan)
. [24, 22] Gene coding for these two proteins, Pin A and Pin B, is tightly linked to the Ha locus on chromosome 5DS, [25] and they probably function together as the Ha locus. Mutations in Pin A and Pin B are associated with the occurrence of hard texture. [26] The objective to conduct present study was to determine the presence of friabilin through SDS-PAGE in Pakistani spring wheat varieties and to explore the relationship of friabilin with other chemical, functional and baking properties of spring wheat.
MATERIAL AND METHODS
Fifty different Wheat (Triticum aestivum L.) cultivars; including one triticale cultivar (T 96725) and one durum wheat cultivar (Durum 97); released since 1933 to 2004 grown during two consecutive years, i.e., 2003-2004 and 2004-2005 at Wheat Research Institute, Faisalabad-Pakistan were included in the present study. The crops were grown at one location under identical conditions and applying similar inputs in both the years. The wheat varieties were cultivated on [10] [11] [12] [13] [14] [15] th November each year and applied fertilizer as NPK at the rate of 100:75:50 kg/ha. Four irrigations were applied each year during the whole crop cycle. The wheat varieties were harvested during the last week of April. The grain samples of each wheat variety were drawn in triplicate.
The whole wheat flour was produced by using UDY cyclone sample mill (Seedburo Equipment Co. 1022 W. Jackson Blvd., Chicago, IL 60607) fitted with 0.8 mm sieve. The mill was carefully cleaned after each sample to avoid mixing of the other samples. The straight grade flour (by blending the break and reduction flour fractions) was produced using one kg wheat grain sample of each variety tempered to 15.5 g/100 g moisture level milled in a Brabender Quadrumate Senior Mill (C.W. Brabender Instruments, Inc. South Hackensack, NJ).
Physicochemical Analysis
The thousand kernel weight of each variety was determined by counting fifty clean, unbroken and sound kernels and then weighing with electric balance. The test weight (kg/hl), moisture content, ash content and crude protein were estimated at each wheat variety as the respective procedures described in AACC method No. 55-10, 44-15 A, 08-01, 46-10, respectively. [27] 
Determination of Flour Quality
The alkaline water retention capacity (AWRC) was determined according to AACC 56-10 method. [27] Flour (1 g) was suspended in 5 mL of 0.1 N NaHCO3, hydrated for 20 min, and centrifuged at 1000 g for 15 min at room temperature. The precipitate obtained was weighed, and AWRC was calculated. The water absorption capacity and Zeleny sedimentation value of each wheat variety were calculated using NIR instruments Inframatic 8620 and 9100 (Perten Instruments, Inc. Springfield, IL) respectively. SDS-Sedimentation test of each wheat variety was determined by using the method described by William et al. [28] Three g sieved flour (using UDY cyclone mill) in 50 ml of coomassie blue solution, shaking for 70 minutes with different intervals and shakings, then adding 50 ml SDS-reagent solution for 50 minutes with intervals and shakings and volume of moistened suspension was measured in cm 3 . SDS-sedimentation test of Durum wheat was estimated by AACC method no. 56-70. [27] Each wheat variety was tested for Falling Number using Falling Number Apparatus 1900 by AACC method no. 56−81 B, [27] (Perten instruments AB, SE 14105, Huddinge, Sweden).
Grain Hardness
Grain hardness was determined through four different methods. Particle size index. The particle size index was determined by sieving 10 g whole wheat ground samples for ten minutes through U.S. standard sieve no. 70 (200 mesh) on sieve shaker following the AACC method No. 55-30. [27] NIR hardness (H NIR ). The grain hardness of each wheat variety was determined using NIR Analyzer Inframatic 8620 (Perten Instruments, Inc. 6444 S. 6th St. Springfield, IL 62707) according to AACC approved method No. 39-70 A. [27] 10-15 g of consistent particle size grounded sample was fed in the instrument and the grinding was done using Laboratory mill 3100 (Perten Instruments, Inc. Springfield, IL), a hammer type cyclone mill fitted with 0.8 mm sieve.
Pearling value. The pearling value of each sample was determined by pearling 20 g of wheat grains for 60 seconds in a barley pearler and weighing the pearled grain. [28] The pearling value was calculated by the following expression: Pearling Value (g/100 g) = Weight of pearled grains/ Weight of sample × 100. (1) Extraction of friabilin proteins. The detergent-extractable proteins were isolated from wheat flour using a technique developed by Blochet et al. [29] modified by Branlard et al. [30] using Triton X-114 buffer. The proteins (Friabilins/ Puroindolines) were extracted from wheat flour (0.250 g) at 4°C with 7.5 mL of 0.1 M Tris-HCl pH 7.8 buffer containing 5mM EDTA, 0.25M NaCl (Tris buffer). The mixture was stirred for 1 h at 4°C and centrifuged (30 min, 10,000 g, 4°C). The supernatant was discarded and to pellet was added 7.5 mL of Tris buffer solution containing 2 mL/100 mL v/v Triton X-114. After stirring and centrifugation using the above parameters, the supernatant was warmed (37°C for 45 min) for phase partitioning and centrifugation (10 min, 5000 g, 22°C). Five volumes (± 10 mL) of diethyl ether ethanol solution (1:3 v/v) were added to the lower detergent-rich phase containing puroindolines. The proteins were allowed to precipitate overnight at −20°C. After centrifugation (10 min, 2000 g, −8°C), the pellet was washed three times with 10 mL of diethyl-ethanol solution and centrifuged (10 min, 2000 g, −8°C). The pellet was washed finally with 5 mL of diethyl ether-ethanol solution, centrifuged and dried at room temperature. Dried pellet was stored at −20°C for further use. The proteins of the dried pellet was solubilized with 1 mL of a solution containing 62.5 mM Tris-HCl pH 6.8, 10 mL/100 mL v/v glycerol, 2 g/100 mL w/v SDS, 0.002 g/100 mL bromophenol blue, while 5 mL/100 mL v/v Mercapto-ethanol was added to an aliquot of these solubilized proteins prior to electrophoresis.
1-D Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
1-D Electrophoresis was conducted using a 13.5% T, 2.67% C resolving gel. The stacking gel was 4% T, 2.6% C.
[31] A 10-well, 0.75 mm comb was used in a Bio-Rad mini protean 3 system having gel size 8.3-7.3 cm. Samples were loaded at 10 μL/lane while protein marker was loaded at 3 μL/lane. The gels were run at constant 60V for 2.5 hours or until the dye front was judged to have migrated sufficiently far down the gel. The gels were stained with Coomassie brilliant blue (CBB) G-250 (dye solution) and distained with methanol water (20:80) mixture. The protein bands were imaged in gel documentation (Syngene, Cambridge, UK) system. On first well of each gel, the proteins employed as molecular weight (daltons) markers were Myosin, 200000; ß-galactosidase, 116250; phosphorylase b, 97400; serum albumin, 66200; ovalbumin, 45000; carbonic anhydrase, 31000; trypsin inhibitor, 21500; lysozyme, 14400 and aprotinin, 6500 (SDS-PAGE MW standards, Low range, Cat # 161-0304, Bio-Rad Laboratories, Hercules CA). All the extraction and electrophoresis experiments were performed in the Laboratory of the Institute.
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Cookie Baking Quality
The cookies were prepared from flour of each wheat variety according to AACC method no. 10−50 D [27] with minor modifications. The ingredients used were flour (225 g), sugar (130 g), shortening (64 g), dextrose solution (33 ml), NaHCO3 (2.5 g), NaCl (2.1 g), distilled water (16 ml). Cookies were baked at 205°C for 12 minutes. The diameter and thickness of six cookies at one time was measured and the average was estimated. The spread factor was calculated by dividing diameter with thickness according to method of AACC 27 .
Statistical Analysis
The data collected were analyzed according to standard statistical procedures [32] using different statistical software like SPSS (version 10.0.1, 1999) and Minitab (version 11.12, 1996) . Analysis of variance was carried out on the data for 50 cultivars repeated over two consecutive crop years. Each cultivar has triplicate samples.
The relationship between physicochemical, solvent retention capacities, and cookie making characteristics with grain hardness was calculated by selecting significant variables using stepwise regression analysis and Pearson correlation test. Wheat cultivars were grouped according to different hardness basis using ward method of cluster analysis.
RESULTS AND DISCUSSION
Thousand kernel weight, test weight, moisture content, ash content and protein content ranged 26.02-49.03 g, 64-79.5 kg hl −1 , 8.92-11.68 g/100 g flour, 1.17-1.65 g/100 g flour, and 10.00-13.4 g/100 g flour, respectively (Table 1) , in different wheat varieties grown during two crop years. [33, 34] The differences in these parameters of different wheat varieties may be due to genetic and environmental effects. [35] evaluated 318 wheat samples for Zeleny sedimentation value through NIR technique and found the ranges from 17 to 66 ml. SDS-sedimentation value ranged 18.83-36 cm 3 (Table 1 ) and found to be highest in Pothohar while lowest was found in T 96725 wheat variety. More the SDS-sedimentation volume (more than 30 ml) more will be the strength of protein [28] and will be better for bread. The wheat varieties possessing low SDS sedimentation value may be considered as more suitable for cakes and cookies purpose. AWRC ranged 59.06-96.86 g/100 g and found to be highest in C 250 while lowest AWRC was found in Lyallpur 73 (Table 1) . AWRC has been used to make selection between wheats having soft and hard characteristics. [36] The results investigated in present study are in line with the earlier work conducted by Ram and Singh [37] and Morris et al. [38] who reported the range of AWRC in different wheat varieties as 57-80 g/100 g and 53.7-62.8 g/100 g, respectively. Results reported by Bettge et al. [39] also support our findings who found AWRC 52.2-73.2 g/100 g in flour samples and 74.8-80.7 g/100 g in wheat samples. Water absorption value ranged 59.64-63.64 ml and found to be highest in wheat varieties SA 42, while lowest water absorption value was found in T 96725 (Table 1) . Hard textured wheats have more water absorption potential than soft wheats. [40] Falling number ranged 253.5 to 893 sec (Table 1 ) and found to be highest in Barani 83 while lowest in T 96725 wheat variety. The falling number has indirect relationship with the a-amylase activity, therefore, may be concluded that falling values for wheat varieties exceeded 400 seconds had very low or no alpha amylase activity. Mailhot and Patton [41] reported that all types of bread flour should have falling number values in between 200-300 seconds.
Particle Size Index (PSI) values ranged from 16.16 in Punjab 96 to 29.33 g/100 g in Wadanak 85 (Tables 1, 2 ). The findings of present study depicted that 4 wheat varieties fall in the category of medium hard, 44 varieties are medium soft and only two varieties fall in the class of soft wheat as according to the hardness scale given in AACC 27 . Anjum et al. [42] evaluated six Pakistani wheat varieties and observed that these fell into the category of medium hard group. Butt et al. [43] found PSI of 30 Pakistani wheat varieties ranging from 17.32-24.41 g/100 g. Pakistani wheat varieties were found to have hardness level identical to American Hard White Wheats when different methods for grain hardness measurement were used. [44] It is generally accepted that hardness is a highly heritable trait that can be affected by the environmental conditions. As in case of present study significant affect of crop years on grain hardness reflected that PSI is not only genetically controlled but environmental conditions during growth may affect. Similar results have been observed by Butt et al. [33] The variation in the results found in present study for PSI among wheat varieties may be due to the variation in their genetic makeup.
Particle size index (PSI) positively correlated with NIR protein (r = 0.22), while negatively correlated with test weight (r = −0.32). The results for Particle size index (Table 3) showed that this important quality character of wheat significantly and positively depended on NIR moisture. The characters such as test weight negatively influenced the particle size index. The results depicted that PSI increased by 0.817 units with a unit increase in NIR moisture content while keeping the effect of all other variables constant (Table 4) category of fairly soft (in the range 57-64), while all other 46 varieties fell in the category of soft (in the range 65-72) according to the NIR hardness scale. [28] The results of this study are in line with the previous studies which showed that most of the Pakistani spring wheats are medium hard and soft [44, 45] according to the hardness value measured by PSI and Pearling Value.
Elizabeth and Dowell [46] studied 30 hard and soft wheat cultivars and found the range of hardness vis-NIR and SKCS −13-89 and −6-83, respectively. Igrejas et al. [47] reported H NIR in the range of 15. Table 3) . The variables such as test weight, kernel weight, particle size index, pearling value, water absorption, falling number, moisture content, crude protein, ash content, AWRC, zeleny value, SDS-sedimentation, cookie width, thickness, and spread factor of cookies were taken as independent variables when H NIR was taken as dependant variable. The regression coefficients derived from stepwise regression indicated that H NIR increased by 1.399 with per unit increase in falling number, 1.285 units with per unit increase in water absorption and 0.045 units with per unit increase in zeleny value (Table 4) . Similarly NIR hardness decreased with the increase of thousand kernel weight.
Pearling value (PV) an indicator of grain texture (hardness) ranged from 62.07 to 85.06 g/100 g having highest in wheat variety Kohistan 97 and lowest in MH 97 (Tables 1, 2 ). The present study revealed that 8 wheat varieties fall in the category of soft while all other 42 wheat varieties are of very soft category as given in the hardness scale for barley pearler. [28] Most of the Pakistani wheats fell in the category of soft and very soft as investigated in present study even durum wheat variety fell in the category of very soft. The difference in the present test is due to the shape of the grain as angular grains, such as some durum wheats are more easily pearled than rounded grains, and may appear to be softer than they are, by the pearling test. [28] The pearling value (PV) was positively correlated with test weight (r = 0.30), water SRC (r = 0.18) and AWRC (r = 0.16) ( Table 3 ). Negative correlation between PV and moisture content (r = −0.17) was observed. Stepwise regression indicated that PV was significantly and positively depended on total ash, test weight, and width of cookies (Table 4 ). The regression coefficients indicated that PV increased by 9.55 with a unit increase in total ash content, 0.407 with a unit increase in test weight, 0.614 unit with unit increase in width of cookies by keeping the effect of all other variables constant. The electropherogram regarding presence or absence of 15kDa protein, i.e., friabilin in spring wheat varieties (Fig. 3) Grain softness protein (Friabilin) positively correlated with overall score of cookies (r = 0.18) ( Table 3) . With regard to presence or absence of grain softening protein (Friabilin), the stepwise regression indicated that friabilin positively depended on zeleny value. The regression coefficients indicated that friabilin increased 0.015 with unit increase in zeleny value by keeping the effect of all other variables constant. No relationship was found between friabilin content on starch granules and grain hardness of triticale. [48] Cookie diameter is function of the rate of spreading and the setting point of cookie dough. Rate of spreading was greater and expansion time longer for good quality (soft wheat) cookie doughs as compared to poor quality (hard wheat) cookie dough. Hardness is an undesirable characteristic of cookie products while fracturability is considered a pleasant sensory characteristic as long as it does not become extreme. [49] Spread factor ranged from 44.26 to 65.17 (Table 2 ) highest in Perwaz 94 while lowest in Uqab 2000. Leelavathi and Haridas [50] reported the diameter, thickness and spread ratio for biscuits as 50.02 mm, 7.25 mm, and 6.99 mm, respectively. The results of the present study are also in agreement with the results already reported by Anjum et al. [34] Cluster analysis based on grain hardness methods, i.e., friabilin presence, pearling value, PSI, and hardness NIR Ward's method was performed in the present study. The dendrograms derived from Ward's cluster analysis based on grain hardness of wheat varieties are shown in Fig. 1, 21 wheat varieties fell in group I, 28 in group II and only one wheat variety, i.e., T 96725 fell in group III ( Table 2 ). The grouping is based on the behavior of different wheat varieties influenced by four methods of measuring grain hardness. The wheat variety T 96725 was different from some wheat varieties like C 518, FSD 83, Pasban 90. The cluster analysis indicated the similarities of wheat varieties within groups. [51] The spring wheat grown in Pakistan have a wide range of hardness determined by different methods and the most of wheat varieties fall in the category of medium soft to medium hard. The phenotypic hardness presented correlation with baking quality parameters such as SDS-Sed., water absorption, zeleny value, however friabilin protein have no relationship with the quality parameters ( Table 3) . Most of the spring wheat varieties contained friabilins on the starch granules (Fig. 3) . For PSI value Cluster III showed highest value then other two clusters, NIR hardness and pearling value was higher in cluster II (Fig. 2) . Further studies are needed to characterize the friabilins in to its components, i.e., puroindolines and to determine which puroindoline alleles are present in spring wheat varieties grown in Pakistan. 
